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(54) OPHTHALMIC COMPOSITIONS AND CONTACT LENS 
DISINFECTING COMPOSITIONS 

(71) We SMITH & NEPHEW RESEARCH LIMITED, a British 
Company, of Gilston Park, Harlow, Essex, do hereby declare the invention, for 
which we pray that a patent may be granted to us, and the method by which it is to 
be performed, to be particularly described in and by the following statement*— 

The present invention relates to compositions for use in connection with the 
eye and with contact lenses. 

Compositions for use in connection with the eye and with contact lenses 
which are subsequently placed in the eye are desirable such as to avoid discomfort 
and damage to the eye. Certain antibacterial compositions currently in use employ 
low molecular weight bactericides which if used in connection with hydrophilic 
soft contact lenses may be absorbed and concentrated in the lens. Such a lens 
when placed in the eye can release a concentrated solution leading to irritation of 
the eye. 

It has been found that certain polymeric bactericides may be used in 
concentrations such that the problem with soft hydrophilic contact lenses is greatly 
alleviated. These polymeric bactericides may also be used in compositions for hard 
contact lenses and for use as eye drops. 

According to the present invention an ophthalmic composition or a contact 
lens disinfecting composition comprises an aqueous solution of at least one 
ophthalmically acceptable polymeric diguanide of the formula: 
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Z-NH-C-NH-C-NlP- 

I! !l J 

NH NH n 



in which each end of the polymeric diguanide is independently terminated either bv an 
amino group or by an 



25 



-NH-C-NH-CN 

I! 

NH 



25 



group and in which Z represents an organic divalent bridging group which may be 

8oVn a ^°r r /' ff f ren L thr r° Ugh , OUt & e P 0l y mer ' n is at leas " 3 (preferably from 3 to 
80 and more preferably from 3 to 30) and/or at least one ophthalmically acceptable 

30 oSjSTo <Sr - ^FTfhfiW' "5 bei "g,P resc "t « a total amount oFSm 
M y^V 0 . 5 . t0 , ao ? o by weight based on the tola we ght of the composition The 30 
individual polymeric diguanides cannot normally be isolated \ S and it is 

molecular S/°rT % mht T - of su P h ^"""ides. Preferably the avenge 
molecular weight of the diguanides in such mixtures is of the order of 900 to 1600 
corresponding to an average value of n of about 4 to 8 
J5 Preferably the solution is isotonic or substantially isotonic with tear fluid. 35 
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t„ 7 ? re I C e ' ab, y 1 Jc solution has a pH of from 5.0 to 8.0, more preferably from 6 5 
preferaily'l^o f 5 e C0m P° S,tlOn ™* be buff <^ to * pH 'of frbm liTs 5 ' 

an ? M^ 

10 nrcr^SSfiJSgT "» the polype dfcde is 10 
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-Px-NH-C-NH-C-NH-Y-NH-C-NH-C-NH=1- 

L ii ii h !; J 

NH NH NH NH n 
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LVan t^o^Jby^ h inde P-dent« y terminated either 



-NH-C-NH-CN 

I! 15 
NH " 



Z7 P n tV n ™A? h J£ and Y ^ re P. rescnts an organic divalent bridging group 
and n is from 4 to 40 or an opthalmically acceptable salt thereof the <X;™ 
* fr ° m °i»05% to 0 05% by weight of diguanide or" its sattVbeing soSc 
with tear fluid and being buffered to a pfi of between 5.0 and 8.0 Prefe^ablv the 
20 total number of carbon atoms contained in X and Y together wh ch are directlv 20 
interposed between adjacent nitrogen atoms in the polymer ehamis greater than 9 
Tr^nf" r an ' 7 - In l !? 0se cases where the radi ^ls X and/"™ nfoSSSone 

SpecificSn? Sg* % JW^HfflSStJ d "S? ed in Briti ^ PatenU 



HCl.H 2 N(CH 2 ) 3 r(CH a ) 3 NH C NH C NH(CH 2 ) 3 ~[ (CH 2 ) 3 NH 2 .HC1 

NH NH.HC1 

and may contain amounts of compounds of the formula:— 

HCI.H 2 N(CH 2 ) 3 RCH 2 ) 3 NH C NH C NH(CH 2 )f| (CH 2 ) 3 NH C NHCN 

Ii Jn 
NH NH.HC1 nh 
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C NH(CH 2 ) 3 |~(CH 2 ) a NH C NH C NH(CH 2 ) 3 ~j (CH 2 ) 3 NH C NHCN 



CN NH C 

NH ~ NH NH.HC1 NH 



The compositions of the invention may also include one or more additional 
ingredients selected from the following: 

Additional bactericides e.g. thiomersa! benzalkonium 
5 chloride and phenyl mercuric 5 

salts, and other ophthalmic 
preservatives. 

Thickening Agents e.g. polyvinyl alcohol, carboxy- 

methylcellulose and hydroxy 
10 ethylcellulose, and other 10 

ophthalmically acceptable 

agents of this type. 
Non-ionic surfactants e.g. products sold under the 

Trade Name Tween and Pluronic 
15 ("Tween" and "Pluronic" 15 

are registered Trade 

Marks). 

Ophthalmic drugs may be added to the compositions of the invention, in 
which case the compound of general formula I acts as a preservative for the drug 
20 solution. Suitable ophthalmic drugs include miotic drugs, for example pilo- 20 
carpine; mydriatic drugs; anti-infective agents, e.g. chloramphenicol; and anti- 
inflammatory agents, e.g. steroids. 

Where the composition of the invention contains additional ingredients these 
may be in solution in the water or may be dispersed in the water or, together with 
25 the water, may form an emulsion. The diguanide however is present in the aqueous 25 
phase. 

The preferred amount of the compound of the general formula I present in 
the compositions of the invention is dependent upon the strength and activity of 
the particular compound selected and upon the particular use of this composition. 

30 When used for soft contact lenses the composition preferably contains from 0.0005 30 
to 0.0025%, more preferably 0.00125%, by weight of the polymeric diguanide 
and/or its salt. When used for hard contact lenses* the composition preferably 
contains 0.001 to 0.01% bv weight of the polymeric diguanide and/or its salt and 
when used as eye drops this composition preferably contains 0.0025 to 0.05% by 

35 weight of the polymeric diguanide and/or its salt. ° 35 

The invention will now be further described by way of reference to the 
following Examples: — 

EXAMPLE 1. 

The following ingredients were mixed together to form a solution: 
40 % by weight 40 

Polyhexamethylene diguanide hydrochloride 0.00125 
Sodium chloride 0.64 
Potassium chloride 0.14 
Disodium Hydrogen Phosphate 0.24 
45 Potassium dihyrogen phosphate 0.06 45 

Distilled water to make up 

to 100% 

The resultant solution was isotonic with tear fluid, and had a pH of 7.2 and the 
composition was found to be useful for the storage of soft hydrophilic contact 
50 lenses - 50 

EXAMPLE 2. 

The following ingredients were mixed, together to form a solution: 

% by weight 

Polyhexamethylene diguanide hydrochloride 0.00125 
55 Sodium chloride 0.78 5 ^ 

Potassium chloride 0.17 
Distilled water to make up 

to 100% 

The resultant solution was isotonic with tear fluid and the composition was 
60 found to be useful for the storage of soft hydrophilic contact lenses. 60 



The following ingredients were mixed together to form a solution: 

Polyhexamethylene diguanide hydrochloride^wfzs 
*> aodium Chloride q 70 

Potassium chloride 0*17 5 

Disodium E.D.T.A. n 1 

Distilled water t0 make u ' ? 

10 *jz saws: s^j^ss-s^s^ - » 

_..„.. . EXAMPLE 4. 

The following ingredients were mixed together tojorm a solution: 

15 Benzalkonium chloride °'° by W q '004 

Polyhexamethylene diguanide hydrochloride o!(X)5 
Sodium chloride 0 9 

'Hydroxy ethyl cellulose 05 
'Poly vinyl alcohol 2 0 

20 Distilled water to make lip 7fl 

to i no 0 '' 

' = SKfgV 100 ^ f ^ ma ;!< eted by Hercules Powder 
- Jp' Vdno1 5 1—05 (87.5 — 89 5 hydrolysed) marketed by Dupont 

The resultant solution was isotonic with tear fluid and the comDOsition was 
25 found -to be useful for the storage and wetting of hard contact Xs 
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tu p i. • • EXAMPLE 5. 

The following ingredients were mixed together to form a solution: 

Polyhexamethylene diguanide hydrochloride^ "offi 

30 *Pluronic L 64 ft s „_ 

Di sodium EDTA q\ 

Di sodium Hydrogen Phosphate o 85 

Potassium di Hydrogen Phosphate 0 iis 

Drilled water to make up 

J5 *Pl„r.,n;, i aa;.„ ... . - . to l °0% 



*Pluronic L 64 is a non ionic surfactant based on Polvoxvethvlene-Pnlvmrv 
gl BW — ■ -rketed by %$SfiS2*C$£& 

- , m T j'?r esultant solution was isotonic with tear fluid, and had apH of 7 0 and the 
IcnT WUS f ° Und t0 bC USCful f ° r the soakin S and d«wing Sir hard contact 
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r . , „ . . „. EXAMPLE 6. 

The following mgredients.were mixed together to form a solution: 

45 Polyhexamethylene diguanide hyrochloride ^ ^0 01 « 

Haj HP0 4 r, -. HD 

KH 2 PO< 

• n i si 

50 Na Acetate 3H,0 Yo , n 

Water to make up 100 mi's. 

The resultant solution was isotonic with tear fluid, and had a pH of 7 and the 

of ToX7n^c f S. t0 ^ USCfUl ^ Cyedr0PS Cither " kh ° r With '" 

55 TU f ,. • ' ' . ' EXAMPLE 7. 55 

The following ingredients were mixed together to form a solution: 

° by weicht 

Pilocarpine hydrochloride '° % q 

fin Polyhydroxymethylene diguanide hydrochloride 0.005 

ov Benzalkonium chloride 0.005 60 

Water to make up joo m | s 

nH «nH U S^Tr MlU if°» n C u° Uld b r * h r icke L ned to 20 C P< could be buffered up to a 
pH of 5 and was found to be useful for the treatment of glaucoma 
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EXAMPLE 8. 

The following ingredients were mixed together to form a solution: 

nit. . °« by weight 

Polyhexamethylene diguanide hydrochloride 
5 (.0.05 mis. of a 20° o solution of 

Vantocil IB) 0.01 5 

Tween 20 ]*qq 
Na 2 HP0 4 0^68 
KH 2 P0 4 0.34 
10 Na CI <X40 

Water to make up 100 mis. 

10 

The resultant solution was isotonic with tear fluid, and had a pH of 7 and the 
composition was found to be useful for the storage of hard contact lenses and for 
use in the eye either with or without the addition of an opthalmic drug 
15 In the Examples above and in the tests described below the polyhexa- 

methylene diguanide hydrochloride referred to was used as Vantocil IB The 
percentages quoted are however amounts of this active ingredient i e the poly- 
hexamethylene diguanide hydrochloride. 

Tests were carried out to ascertain the bactericidal activity and the irritant 
20 response of solutions of the invention. 

20 

I. BACTERIOCIDAL ACTIVITY 
To 20 mis of each of the test preparations was added an inoculum of 0.2 mis of 
the test micro organism to give a fixed concentration of 107ml. At timed intervals 
after innoculation, one ml samples were taken in duplicate and added to a 
25 neutralising medium. The medium was incubated for 7 days at 37°C and any 

^vA 1 ?^ ^If^liH™ * as idenlified - The neutralising medium was nutrient broth 25 
( °?J? B 77,«£ X 91P IS a re e ister ed Trade Mark) containing 0.5% W/V Tween 80 
and 0.1 D W/V lecithin or 0.1% Juramin and was shown to effectively neutralise the 
antibacterials used in the study by effecting the recovery of approximately 10 
30 organism inoculum. J 

The standard used for acceptance of ophthalmic solutions as being adequately 30 
preserved in the microbiological laboratory is that the solution reduced a 

K!? 1 ^" °[ Sta P h : aureus NCTC 6 57l, E. coli NCTC 86 and Ps. aeruginosa 
NCTC 6750 by six decades within an hour. 

35 RESULTS In the following table failure of the test is indicated by F and a pass 

bv p - 35 



No. 


Test solution* 


Results 


I 


Aqueous solution containing 0.000625% 
by weight polyhexamethylene diguanide 
hydrochloride 


P 


11 


Aqueous solution containing 0.0075% 
chlorohexidine acetate 


P 


III 


As II but 0.005% chlorohexidine acetate 


F 


IV 


Aqueous, solution containing 0.005% 
benzalkonium chloride 


F 



* All solutions buffered to approximately pH 7.0 and made 
isotonic with tear fluid. 



It can be seen from the above that polyhexamethylene diguanide is effective 
at much lower concentrations than either of the other two materials included for 
40 comparison purposes. 

In order to test the capacity to withstand repeated challenges, the standard 
"die off" challenge was repeated on the 0.00125% solution of polyhexamethylene 
diguanide hydrochloride of Example 1 on five successive days. The capacity of the 
solution did not appear to change from the initial challenge to that of the final fifth 
45 <Juy chalien 8 e - 20 mI samples of the contaminated solution were filtered after this 
fifth day challenge and no organism could be isolated. 
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It can be seen from the above that the solutions of the invention i.e. those of 
tests VII and VIII perform better than the other solutions included for comparative 
purposes. 

A further test was carried out by instilling 0.1 mis of the composition of 
5 Example 6 into the conjunctival sac of the left eye of six albino rabbits. Treatment 5 
continued daily for 21 days, and reactions were graded according to the F.D.A. 
scheme. No irritant response was observed at any time. 

The invention also includes a method of disinfecting a contact lens which 
comprises contacting the contact lens with a composition of the invention. 

10 WHAT WE CLAIM IS: — 10 

1. An opthalmic composition or a contact lens disinfecting composition 
comprising an aqueous solution of at least one ophthaimically acceptable 
polymeric diguanide of the formula: 

-^Z-NH-C-NH-C-NH^- I 
NH NH 

15 in which each end of the polymeric diguanide is independently terminated either 15 
by an amino group or by an 



__NH-C-NH-CN 

il 

NH 



group and in which Z represents an organic divalent bridging group which may be 
the same or different throughout the polymer and n is at least 3, and/or at least one 
20 opthalmically acceptable salt thereof, the diguanide and/or its salt being present in 20 
a total amount of from 0.0005 to 0.05% by weight based on the total weight of the 
composition. 

2. A composition as claimed in claim* 1 in which n is from 3 to 80. 

3. A composition as claimed in claim 2 in which n is from 3 to 30. 

25 4. A composition as claimed in any one of the preceding claims, in which a 25 

mixture of polymeric diguanides of formula I and/or their salts is used. 

5. A composition as claimed in claim 4, in which the average molecular weight 
of the diguanides in the mixture is from 900 to 1600. 

6. A composition as claimed in any one of the preceding claims which is 

30 isotonic or substantially isotonic with tear fluid. 30 

7. A composition as claimed in any one of the preceding claims which has a 
pH of from 5.0 to 8.0. 

8. A composition as claimed in claim 7, which has a pH of from 6.5 to 7.5. 

9. A composition as claimed in claim 7 or 8, in which the composition is 

35 buffered to the stated pH. ... ^5 

10. A composition as claimed in any one of the preceding claims, in which 
each Z is a polymethylene chain, optionally interrupted by oxygen or sulphur 
atoms and optionally incorporating saturated or unsaturated cyclic nuclei. 

1 1 . A composition as claimed in any one of the preceding claims in which the 

40 polymeric diguanide is of the formula: 40 

fX-NH-C-NH-C-NH-Y-NH-C-NH-C-NH4- II 
II ' II II II > 

NH NH NH NH 

in which X and Y each represents organic divalent bridging groups. 

12. A composition as claimed in any one of the preceding claims in which the 
polymeric diguanide comprises a mixture of polyhexamethylene diguanides in the 

45 form of their hydrochlorides and having an average molecular weight from 900 to 45 
1600. 

13. A composition as claimed in any one of the preceding claims, which also 
includes one or more additional ingredients selected from the following: — 
bactericides, thickening agents, non-ionic surfactants and ophthalmic drugs. 
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cMo^iT^^S^^ C ' aim ,3 ' Which C ° ntains ben Z a.ko„iu m 

u a l5 *JS com P osltl t on as claimed in anv one of claims I to 14 for u«> with c rt f f 

s »-« , s3s,'Sfar« fa r ™ •«« » suss 

of P d",,rd?^rL C fc,1 'iS!"" ' 5 - WhiCh ™'»i»»«012 5% by „e lsht 
17. A composition as claimed in anv one of claims I t« 14 ,.o -.u l j 
contact lenses, which contains 0.001 to 0 01° bT we Si ,h H ha - d 
10 diguanide and/or its salt. " y lght of the P°lymenc 



15 



20 



35 



40 



-^-X-NH-C-NH-C-NH-Y-NH-C-NH-C-NH^- 
NH NH NH NH 



II 



ir m Tnt h g ro U C p h " d b°/ an' " inde P ende ^ terminated either by 



an 



-NH-C-NH-CN 

; i 

NH 



the h«Hrn,M m ^° Siti - 0n M cIaimed i n claim 23 ' in which a 20 % aqueous solution of 
0 005o (?l nnm? «f P ^ Sent -i n th « com P?sition in an amount of from at leas 
o% ( X a00, g-.°. f diguanide salt) per 100 mis of final solution. 

d^rfw^^E^T'to^ 1 SUbStantiaHy 38 hereinbefore 
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15 



20 



and U C a <"frim W 4 h !^ and Y ea u Cl i re PF es ents an organic divalent bridging group 
and n is from 4 to 40 or an ophthalmically acceptable salt thereof the solution 

S^^rZ 0 ?!^' *K °/°% by Weight ° f diguanide or Hs sXLmg soSnic 
with tear fluid and being buffered to a pH of between 5.0 and 8 0 

^5 20. A composition as claimed in claim 19, which has a pH of from 6.5 to 7 5 25 

21 A composition as claimed in claim 19 or 20, which also includes one or 
more additional, ingredients selected from the following; bactericides thickening 
agents, non-iomc surfactants and ophthalmic drugs wes, inicKening 

in .ui 2 -j A com P° s . it . ion ■? claimed in claim 21 which contains benzalkonium 
30 chloride as an additional bactericide. ucn^monium 

k in ?L1U™ m & 0Siti0n ES C ' aim f d in any - of claims 19 10 22 in w h'ch the diguanide 
t^ttZ /" aq -T U u S S °> UU ° n ° f the hydrochlorides of a mixture of poly- 
600 diguanides having an average molecular weight between 900 and 



35 



d^crfbed^n'ffipK " C ' aim 1 ^"bstantially as hereinbefore 40 

!,.„« 2 J i ;i, A , m ^ h ? d of disinfecting a contact lens which comprises contacting the 
lens with a solution as claimed in any one of claims 1 to 18 or 25 
ah i-„ • -\u method ?f disinfecting a contact lens which comprises contacting the 
45 lens with a composition as claimed in any one of claims 1 9 to 22. g 4S 

len, w;'.h ^ ? ° d,s ! n . fect ', n g a cont act lens which comprises contacting the 
lens with a solution as claimed in claim 23 or 24 

len< S"t^ m ^ h ? d ° f dis j n - fect i n 8 a c ° ntac t lens which comprises contacting the 
lens with a solution as claimed in claim 26. 
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W. P. THOMPSON & CO., 
Coopers Building, 

Church Street, 
Liverpool LI 3AB. 
Chartered Patent Agents. 
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